Cultivar identification of seven Korean domestic rice using DNA markers related to blast resistance was conducted. By PCR analyses using six markers, which we developed in a previous study, and one newlydeveloped marker for pib, it became possible to differentiate the seven cultivars from each other. This result should contribute not only to cultivar identification but also, to molecular breeding of blast resistance for Korean rice.
DNA markers are useful in genetic studies of crops in distinguishing cultivars, determining genetic relationships, and molecular breeding. In previous studies, we developed STS markers to identify Koshihikari, a Japanese premium rice, among various Japanese cultivars, 1, 2) and to distinguish world rice cultivars. 3, 4) Additionally, we developed markers to distinguish Koshihikari Niigata BLs from ordinary Koshihikari. 5) Koshihikari Niigata BLs are multiple blast-resistant isogenic lines, in which each line has one of various genes resistant to rice blast. We developed DNA markers associated with blast resistant genes, Pita-2, Pii, Pik-m, and Pia, and were able to distinguish Koshihikari Niigata Nos. 1 to 4 from each other and from ordinary Koshihikari. 3, 5) These DNA markers for blast resistance genes are very useful, because they can be used not only in cultivar identification, but also to gain the information about the genetic compositions of blast resistance genes.
In this study, to gain information for cultivar identification and marker-associated breeding of blast resistance in Korean rice, we applied DNA marker analysis of blast resistance genes to Korean rice.
First we tried to develop a novel marker for the blast resistance gene Pib. This gene is one of the major blast resistance genes, but we had not yet developed this marker. The Pib marker was developed based on RAPD analysis between cultivars reported to contain Pib (the Pib þ cultivar) and cultivars not containing it (the Pib À cultivar). On RAPD analysis using many random primers, the case of primer A-10 (Operon Technologies, Alameda, CA) showed a clearly-amplified fragment only in Pib þ cultivars (data not shown). This fragment was subcloned and sequenced. A homology search of the sequence against the whole rice genome indicated that it was mapped at the terminal region of chromosome 2 and located 0.4 cM upstream from Pib gene. [6] [7] [8] To confirm the linkage between Pib and this fragment, 35 Japanese cultivars, including 4 Pib þ cultivars (Niigata Koshihikari BL 8, Toyama Koshihikari BL 3, Fukuhibiki, and Okunomurasaki) were analyzed using STS primers developed from the sequence. The sequence of STS primers for Pib was as follows; 5 0 -GTGATCGCAGGATAAGGAGATTGTTTG-3 0 and 5 0 -GTGATCGCAGAGCAGCAAATAT-3 0 . A novel STS marker was detected only in four Pib þ cultivars, not in the Pib À cultivars (Fig. 1 ). Thus the linkage between the STS marker and Pib resistance was strongly in disequilibrium, and we concluded that the STS marker can be used as DNA marker for Pib.
Next we analyzed the seven Korean rice cultivars using blast resistance markers. These cultivars, Chucheong, Ilmi, Sura, Ilpum, Sindong jin, Dongjin, and Saechucheong, are widely cultivated in Korea, and were kindly provided by Takara Korea Biomedical (Seoul, Korea). DNA was extracted from rice flour according to a method described previously 1) and used in PCR analysis. The PCR conditions were as follows: 35 cycles of denaturation at 96 C for 1 min, annealing at 62-68 C for 1 min, and elongation at 72 C for 2 min. For cultivar identification of Korean rice, we used six markers related to blast resistance, including Pib and S13 (Fig. 2) . The sequences of the primers, except for Pib, were described previously. 1, 3, 5) We used the ''d'' marker of the three markers for Pita-2 developed previously.
5)
S13 was developed based on RAPD analysis, and was mapped in a gene cluster of recently-isolated blast y To whom correspondence should be addressed. Present address: Graduate School of Science and Technology, Niigata University, 8050 Ikarashi 2-no-cho, Nishi-ku, Niigata 950-2181, Japan; Fax: +81-29-838-8045; E-mail: ohtsubok@agr.niigata-u.ac.jp Abbreviations: STS, sequence-tagged site; RAPD, random amplified polymorphic DNA; BL, blast resistant line resistance gene Pi37.
9) The S13 marker showed two different size products due to the sequence with and without insertion. We used S13 as a marker to detect polymorphism in the Pi37 gene cluster, although the relationship between S13 and Pi37 and that between the product sizes of S13 and Pi37 has not been clarified. PCR analysis using six markers detected different amplification patterns in the cultivars (Fig. 2) . As shown in Table 1 , no two cultivars showed same patterns. Thus, using six blast resistance markers, it became possible to distinguish seven dominant Korean rice cultivars.
Recently, a first classification of Korean cultivars based on reaction patterns to Japanese isolates of the blast pathogen was reported. 10) In that report, Chucheong, Ilpum, and Saechucheong were classified into Pia type, Dongjin into Pia and Pita type, and the other cultivars into unknown. Three Pia-type cultivars were also found to harbor the Pia gene in our analysis. The blast-resistance types of the other cultivars were not consistent with our analysis, but the reaction patterns to blast pathogens were very complicated, and there were many exceptions in the report. 10) Hence, to develop our marker analysis of blast resistance as a reliable method, we must analyze more cultivars clearly classified by their gene compositions for blast resistance.
There are many molecular markers among the various crops and plants developed based on RFLP, RAPD, SSR, and AFLP. Since most of these markers were developed to distinguish plant species and cultivars, detection of these markers has little or no meaning as to agronomical and physiological traits. The strategy described here was an experimental attempt to provide information both for cultivar identification and for the gene composition of blast resistance. Detection of blast resistant marker was not exactly in accordance with reaction patterns of Korean cultivars reported to date, although these markers clearly distinguished seven Korean cultivars. We hope that our markers will be used in cultivar identification of Korean rice and will prove to be useful in marker-associated breeding. 
